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Introduction
Degenerative joint disease or degenerative arthritis commonly 

known as Osteoarthritis (OA) is the most common chronic condition 
of the joints which affects all ages and genders but possess a greater 
risk in elderly and obese people. OA can affect any joint, but more 
prevalently affects the knee and hip.1 It is the fourth leading cause of 
pain and disability worldwide.2

OA is characterized mainly by loss or damage of articular 
cartilage.3 Cartilage acts as a soft cushion between the bones and 
provides a smooth surface for joint movement. The loss of this 
cushion would cause pain and swelling.4 In addition remodeling of 
bone joints also occurs which causes chips of bones to float around 
in the joints and also develop growth called spurs which leads to the 
inflammatory action followed by the production of cytokines which 
further damages the cartilage and worsens the pain.5 There are several 
factors that contribute to the development of OA such as weight, 
injury or overuse of joints, genetic factors but most important of it all 
is the age factor. As the age progresses the extracellular matrix (ECM) 
surrounding the primary cells of cartilage called chondrocytes alters 
their structural property which eventually causes the cartilage to bear 
less mechanical stress.6,7

The severity and the affected area in OA vary and so are the 
symptoms, the most common being swelling, pain and stiffness which 
makes the usual daily chores difficult to perform.8 Conventional 
medical strategies for treating OA aimed at only managing the 
symptoms instead of eradicating the disease. Non-surgical treatments 
such as physiotherapy, pain relievers and anti -inflammatory drugs 
and weight loss have a short term relief.9 On the other hand, surgical 
treatment such as total knee replacement (TKR) or hip replacement 
is widely used to treat knee OA and Hip OA respectively, but often 
followed by complications such as infections which again requires 
a hospital visit. Some of the patients still continue to have knee pain 
post-surgery.10 However, in order to overcome the drawbacks of the 
conventional method, novel strategies using stem cells is storming 
through the field of therapeutics over the past few decades showing 
promising results for the treatment of OA.

Cell based therapy
Cell based therapy emerged in 1980 and it has been evolved since 

then (Figure 1). Autologous chondrocyte implantation (ACI) is the most 
conventional cell based treatment that evolved over past 20 years with 
a high success rate. However, it constricts itself to the site of cartilage 
damage and was an exclusion to the generalized OA treatment.11 The 
limitation of ACI for the OA treatment demanded the emergence of 
another cell source. Stem cells proved to be a promising candidate 
for the cartilage regeneration.12 Stem cells are the undifferentiated 
cells that are capable of differentiating into specialized cells such as 
osteocytes, chondrocytes, adipocytes etc. Stem cells in addition are 
also capable of downregulating inflammation by releasing important 
cytokines and certain proteins which are essential in overcoming 
OA.13

Other two types of stem cells such as embryonic stem cells (ESCs) 
and induced pluripotent stem cells (iPSCs) were also examined to be 
a potential candidate for cartilage regeneration for combating OA. 
Both ESCs and iPSCs are pluripotent in nature and can differentiate 
into any other cell type including chondrocytes.14 In 2012 Wei et al. 
generated iPSCs from osteoarthritic chondrocytes and induced these 
cells into chondrocytic differentiation.15 Though both ESCs and iPSCs 
have a potential to differentiate into cartilage cells to treat OA, certain 
limitations exist such as both the cell types are at risk of forming 
teratoma and immunogenicity.16

The most ideal amongst different types of stem cells for combating 
OA are mesenchymal stem cell (MSC). These can be derived from 
various sources such as bone marrow, adipose tissue, umbilical cord, 
Wharton’s jelly and so on. MSCs are widely studied for OA treatment 
as it expresses certain enzymes such as growth factors, cytokines and 
are also capable of exerting anti-inflammatory activity.17,18 Recently 
Davatchi et al.19 studied 5year follow up of three patients of knee 
OA. The authors injected autologous bone marrow derived MSCs 
into the worst knee of patients aged 57, 65 and 54years. The study 
examined that the implanted knee was better than at the baseline 
while the better knee became the worst knee by the end of 5years. The 
article concluded that in long term follow up earlier transplantation 
would give a better result for advanced stage of OA.19 Subsequently 
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Abstract

Osteoarthritis (OA) also known as degenerative joint disease or degenerative arthritis 
is the most common chronic condition of the joints. It mainly damages the articular 
cartilage which results in pain, swelling and stiffness around the joints. It is the leading 
cause of disability and pain. Current therapeutic strategies are expensive and they are 
capable of eradicating only the symptoms of OA instead of reversing the damage 
caused by it. The aim of this review is to introduce the latest stem cell advances as a 
novel and effective therapeutics for the treatment of OA. One of the most effective 
stem cell source is mesenchymal stem cells (MSCs) derived from bone marrow as well 
as from adipose tissues. Other cell sources which have the capability of becoming a 
novel treatment for OA such as induced pluripotent stem cells (iPSs), embryonic stem 
cells (ESCs) and extracellular vesicles derived from MSCs have also been highlighted 
in this review.
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Mehrabani et al. treated a middle aged 47years old nomad woman 
suffering from a severe right knee OA with an intra- articular injection 
of bone marrow- derived MSCs. The follow up after 2months post-
transplantation revealed the improved state of the affected knee as her 
walking distance increased, she could climb more number of stairs 
and most importantly magnetic resonance images (MRI) unveil the 
repaired tissue extension over the subchondral bone. Therefore, the 
authors proposed that MSC transplantation for OA is an easy and 
convenient technique resulting in pain relief, improved cartilage 
quality without surgery and minimized donor site morbidity.20 The 
safety and efficacy of administrating MSCs in OA patients have been 
proved by various preclinical and clinical trials, but most of the studies 
were limited to single-dose, single- pilot studies.21,22 Therefore, for 
more randomized and controlled clinical trials, Gupta et al.23 studied 
the efficiency of differentiation of adult human bone marrow-derived, 
cultured, pooled, allogeneic mesenchymal stromal cells (Stempeucel) 
into the chondrogenic lineage. Further they carried out the preclinical 
trial by injecting these cells intra-articularly into the knee joints 
of OA induced rats. Post the preclinical trials a clinical study was 
established in order to find the doseage of Stempeucel in knee joint 
OA patients. The authors concluded that the stempeucel successfully 
differentiated into chondrocytes in vitro, further it greatly reduced 
pain and also repaired the articular cartilage in OA induced rats in 
preclinical studies. Finally during the clinical trial they concluded 
that a 25million cell dose might be the most effective for reducing 
pain in OA patients.23 Despite of the phenomenal ability of MSCs 
differentiating into chondrocytes there have been certain fatal risks 
recorded post transplantation. Therefore, Famian et al.24 examined 
Wharton’s jelly derived stem cell conditioned medium (WJSCs-
CM) for the enhanced gene expression profile by chondrocytes. 
The authors suggested that WJSCs-CM have the ability to enhance 
the cartilage specific genes and can be used as a potential factor for 
cartilage regeneration.24

Figure 1 Schematic representation of various cell-based therapy for 
osteoarthritis.

Adipose tissue is another perfect source for obtaining MSCs and 
the cells obtained from adipose tissue are called adipose tissue derived 

mesenchymal stem cells (ASCs). They are capable of differentiating 
into bones and cartilage.25 Pagani et al.26 carried out a study wherein, 
human MSCs derived from bone marrow (hBMSCs) and adipose 
tissue (hADSCs) were compared based on their behavior in OA 
microenvironment. Thus, they concluded that hADSCs have a better 
chondrogenic potential in OA microenvironment.26

Mei et al.27 studied the treatment of anterior cruciate ligament 
transection (ACLT) induced rat OA model by intra-articular injections 
of culture-expanded allogenic adipose tissue-derived stem cells 
(ADSCs). The authors revealed that cartilage degeneration in rat 
OA model was put on halt with intra-articular injections of ADSCs; 
it also shielded the chondrocytes from the inflammatory factor.27 
Recently, Parrilli et al.28 focused on subchondral bone in order to 
treat OA. They injected adipose derived stromal cells into the joint 
to prevent subchondral bone damage after the onset of OA in rabbit. 
They showed that ASCs can promote cartilage regeneration as well 
as attenuate the increased bone turnover which is a characteristic of 
OA28 Phase I clinical trial was conducted by Pers et al.29 to treat severe 
knee OA using ADSC. 18 patients with severe knee OA were injected 
with intra-articular injections of autologous ASCs, the follow up after 
6months indicated that ASCs can be a potential alternative for the 
treatment of severe knee OA.29

Extracellular vesicle (EV) is a small vesicle enclosed by a 
phospholipid bilayer. It gained a lot of attention as it provides an 
easy way of cell-to-cell communication which helps in exchanging 
functional molecules of one cell to another in its vicinity. Almost all 
types of cells including MSCs release these vesicles. There are very 
few studies that have shown the therapeutic effect of MSC derived 
EVs in combating OA. These studies showed that MSC-EVs are 
capable of cartilage regeneration.17,30 The use of EVs as a therapeutic 
agent for treating OA still needs to be investigated further.

Conclusion
In this review the current progress in cell therapy for combating 

OA have been highlighted. The conventional treatment for OA 
is costly and is effective only in reducing the symptoms but not 
actually stopping or reversing the damage caused by it. As it is the 
fourth leading cause of disability, its rapid progression necessitates a 
novel and safe therapeutic approach. Stem cells, in particular MSCs 
derived from bone marrow and adipose tissue have a great potential 
in reversing the cartilage damage due to OA. However, studies 
have shown that hADSCs holds a greater chondrogenic potential 
in inflammatory environment such as OA. However, the number of 
clinical trials and long term follow ups in cell therapy needs to be 
increased to provide a fruitful treatment for OA. Subsequently, a well-
planned research is required to study the potential of MSC derived 
EVs for combating OA.
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